Hymenolepidid cestodes in Myodes glareolus from Lithuania and additional specimens originally attributed to Arostrilepis horrida from the Republic of Belarus are now referred to A. tenuicirrosa. Our study includes the first records of A. tenuicirrosa from the European (western) region of the Palearctic, and contributes to the recognition of A. horrida (sensu lato) as a complex of cryptic species distributed broadly across the Holarctic. Specimens of A. tenuicirrosa from Lithuania were compared to cestodes representing apparently disjunct populations in the eastern Palearctic based on structural characters of adult parasites and molecular sequence data from nuclear (ITS2) and mitochondrial (cytochrome b) genes. Morphological and molecular data revealed low levels of divergence between eastern and western populations. Phylogeographic relationships among populations and host biogeographic history suggests that limited intraspecific diversity within A. tenuicirrosa may reflect a Late Pleistocene transcontinental range expansion from an East Asian point of origin.
Introduction
Over the past century the hymenolepidid cestode Arostrilepis horrida (Linstow, 1901) was regarded as a single hyper-variable species occurring in a diverse assemblage of rodent definitive hosts encompassing the Holarctic region (e.g., Schiller 1952; Voge 1952; Rausch 1952; Ryzhikov et al. 1978; Fedorov 1986) . Although the possibility of a widespread complex of poorly differentiated species was periodically considered, little consensus emerged regarding specific morphological criteria to define particular taxa (Johri 1956; MasComa et al. 1980; Mas-Coma and Tenora 1997; Asakawa et al. 2002; Hwang et al. 2007; Haukisalmi et al. 2009 Haukisalmi et al. , 2010 . Recognition of A. beringiensis (Kontrimavichus et Smirnova, 1991) in lemmings and A. microtis Gulyaev et Chechulin, 1997 among voles (Microtus Schrank and Arvicola Lacépède) from east-central Siberia led to initial resolution and definition of limits on species diversity within the genus based on comparative morphology (Kontrimavichus and Smirnova 1991; Gulyaev and Chechulin 1997) .
Currently a minimum of 12 species may be recognized within Arostrilepis Mas-Coma et Tenora, 1997 across temperate to high latitudes of the Holarctic . Among these, A. horrida in the Palearctic, and A. mariettavogeae Makarikov, Gardner et Hoberg, 2012 and A. schilleri Makarikov, Gardner et Hoberg, 2012 in the Nearctic are based solely on morphological criteria (Makarikov et al. , 2012 ). An additional 10 molecular-based lineages of Aros-trilepis have been correlated with unequivocal morphological attributes. Among these, nominal Arostrilepis now include 5 endemic species in the Palearctic (and a minimum of 1 undescribed), 4 endemic species in the Nearctic, 2 species with amphiberingian distributions spanning northwestern North America and northeastern Eurasia, and one species with a disjunct distribution that includes localities in Europe and northwestern North America (Cook et al. 2005; Makarikov et al. , 2012 Makarikov et al. 2013) . Our studies have clearly demonstrated the value of integrated morphological/molecular approaches in exploring the distribution and limits of species diversity relative to host associations and geography.
Advances in our understanding of diversity in Arostrilepis resulted from (1) a clear definition and re-description of the type species, A. horrida (e.g., ; (2) recognition and validation of the suites of diagnostic characters associated with the cirrus (e.g., Makarikov et al. 2012; Makarikov et al. 2013) ; and (3) integration of molecular and sequence-based criteria in defining species limits (Hoberg et al. 2003; Cook et al. 2005; Makarikov et al. 2013) . Where new field collections have been conducted they have confirmed the existence of considerable species diversity within Arostrilepis, highlighting the need for a broad-based re-examination of those specimens of cestodes in arvicolines and other rodents that had originally been identified as A. horrida. This is necessary to clearly define species diversity, along with the host and geographic distributions within this assemblage (e.g., Makarikov et al. 2012) .
Investigations over the past decade have examined the structure of arvicoline parasite faunas from the Beringian region linking North America and eastern Siberia, and further west extending into central Eurasia (Cook et al. 2005; Makarikov 2008; Hoberg et al. 2012) . Records of tapeworm diversity in arvicolines from the western Palearctic and central Europe have also been assembled, including numerous reports of A. horrida (syn: Hymenolepis horrida) (e.g., Baer 1932; Żarnowski 1955; Erhardová 1958; Rybicka 1959; Mozgovoi et al. 1966; Prokopic and Mahnert 1970; Murai and Tenora 1973; Merkusheva and Bobkova 1981; Genov 1984; MasComa and Tenora 1997) . Our current understanding of the genus and the status of A. horrida as a complex of species, however, indicates that these records now can only be confirmed or validated based on the availability of voucher specimens held in various museum archives. Additionally, new and continued biodiversity inventory remains necessary to explore patterns of cestode diversity and historical, evolutionary and ecological determinants of host and geographic distributions. We examine these challenges in the current study based on data accumulated for A. tenuicirrosa Makarikov, Gulyaev et Kontrimavichus, 2011 across the Palearctic region.
Within the assemblage of Arostrilepis species, A. tenuicirrosa was described in red-backed voles: Myodes rutilus (Pallas); M. rufocanus (Sundevall); M. glareolus (Schreber) and M. rex (Imaizumi) (originally M. sikotanensis (Tokuda); see Abramson et al. 2009 ) from the Asian region of Russia extending across Western Siberia to the Russian Far East . Additional field collections and specimens in red-backed voles (Myodes Pallas) from western Beringia (Magadanskaya Oblast') have confirmed this general geographic distribution; there is no evidence that A. tenuicirrosa occurs in the Nearctic (Makarikov et al. 2013) . Thus, A. tenuicirrosa has been considered a species typical of red-backed voles, often occurring in sympatry and mixed infections with other species of Arostrilepis, with an overall distribution potentially limited to eastern Eurasia.
During our field surveys of the helminth fauna of redbacked voles (specifically M. glareolus) from Lithuania we found hymenolepidid cestodes considered to be conspecific with A. tenuicirrosa. Although hymenolepidids of arvicolines have been reported from across the Palearctic (e.g., Ryzhikov et al. 1978) , there are few voucher specimens or substantiated records that define the distribution of Arostrilepis in the Baltic region. Several studies on the helminth fauna of rodents reported cestodes identified as A. horrida (sensu lato) in voles [M. glareolus, Microtus arvalis (Pallas) and M. oeconomus (Pallas)] from Republic of Belarus (see Merkusheva and Bobkova 1981) .
Following our initial discovery, we examined museum specimens from the northwestern Palearctic that were originally identified as A. horrida or Hymenolepis horrida. Specimens of H. horrida in M. glareolus from Belarus are held in the archives of the Scientific and Practical Center for Bioresources, Minsk, Republic of Belarus (SPCB) (see Merkusheva and Bobkova 1981) . Other cestodes in M. glareolus from Lithuania had been deposited at the Institute of Ecology of Nature Research Center, Vilnius, Lithuania (IENRC) (V. Stunzenas, V. Kontrimavichus, and S. Bondarenko, pers. obs. and data not shown). All of these specimens, originally considered to be A. horrida, were redetermined as A. tenuicirrosa and no other species of Arostrilepis were discovered. Here we report the first records of A. tenuicirrosa from Lithuania and Belarus based on specimens collected from M. glareolus. These series of specimens now indicate an apparently extensive transPalearctic distribution for A. tenuicirrosa based on its occurrence in the East European Plain.
Among cyclophyllideans there have been few studies documenting patterns of genetic diversity and the historical processes related to host association, dispersal, faunal expansion and geographic isolation (Santalla et al. 2002; Wickström et al. 2003; Padgett et al. 2005; Haukisalmi et al. 2007; Hoberg et al. 2012) . In this investigation we take advantage of geographically extensive field collections to evaluate transcontinental genetic structure and phylogenetic relationships among discrete populations of A. tenuicirrosa from the East European Lowlands (Lithuania), Western Siberia (Tyumenskaya Oblast'), and the Russian Far East (Kunashir Island and Magadanskaya Oblast'). Comparisons are based on morphological and multi-locus DNA sequence data. Our results es-tablish testable hypotheses regarding the broader biogeographic history of the Palearctic region and the structure and assembly of parasite faunas in small mammals. . Identification of A. tenuicirrosa was based on criteria established by . Morphological characters from cestodes representing apparently disjunct populations of A. tenuicirrosa were compared. Measurements are given in micrometers unless otherwise specified; the range for each measurement is followed by the mean in parentheses.
Materials and Methods

Specimens collected and examined
Specimens of
Specimens of Makarikov et al. 2013) .
Molecular data collection and analysis
To evaluate patterns of genetic structure and relatedness across the range of A. tenuicirrosa, we collected DNA sequence data from specimens representing the full geographic range of the species (Fig. 1 , Table I ). We sequenced a portion of the mitochondrial cytochrome b gene (cyt-b; ~570 base pairs; 10 individuals) and the second internal transcribed spacer of nuclear ribosomal DNA (ITS2; ~630 base pairs; 11 individuals) to obtain independent perspectives on the history of the species. We also sequenced the homologous portion of cyt-b from one individual of A. macrocirrosa Makarikov, Gulyaev et Kontrimavichus, 2011 to serve as an outgroup. Whole genomic DNA was extracted from tissue subsamples (3-10 posterior proglottids) using Qiagen ™ DNeasy Tissue Kits ® . We PCR amplified cyt-b using published primers HYM01 and HYM08 (Makarikov et al. 2013) , and ITS2 using published primers 3S and A28 (Okamoto et al. 1997) . PCR products were sequenced in both directions on an ABI 3100 genetic analyzer (Applied Biosystems Inc., Foster City, CA, USA) using ABI PRISM® BigDye TM sequencing chemistry. Newly obtained data were supplemented with published cyt-b (GenBank numbers JX104763-JX104765; Makarikov et al. 2013) and ITS2 (GenBank numbers HQ174772-HQ174777) sequences for A. tenuicirrosa. In addition, ITS2 sequences for A. macrocirrosa were acquired from GenBank to serve as outgroups in analyses for that marker (HM561418 and HM561423; .
Full sequence datasets were aligned using ClustalW as implemented in MEGA v5 (Tamura et al. 2011 ) and alignments were checked by eye. We excluded indels and sites of ambiguous alignment from further analyses. Because subsequent analyses were based on models of nucleotide evolution that assume neutrality, we tested for evidence of selection in the cyt-b and ITS2 datasets using HKA tests (Hudson et al. 1987) as implemented in DnaSP v5 (Librado and Rozas 2009) . For each of these tests, a single A. macrocirrosa sequence was compared to the full A. tenuicirrosa datasets to evaluate levels of interspecific polymorphism. Neither genetic locus exhibited significant deviations from expectations based on a model of neutral evolution (cyt-b: p = 0.12; ITS2: p = 0.75).
To understand how levels of intraspecific genetic divergence within A. tenuicirrosa compare to interspecific variation we used MEGA v5 to calculate uncorrected p genetic distances between sets of samples representing distinct geographic localities and the outgroup, A. macrocirrosa. We also used DnaSP to calculate overall nucleotide diversity (π) for A. tenuicirrosa based on both genetic markers.
To evaluate relationships among populations we constructed separate phylogenetic trees for both loci using maximum likelihood (ML) and Bayesian methods. We first selected appropriate models of nucleotide substitution for the datasets using Akaike's information criterion (counting branch lengths as parameters) as implemented in Modeltest v3.8 (Posada and Crandall 1998) . Modeltest selected the K81 (Kimura 1981) model with unequal base frequencies and invariant sites for cyt-b. For ITS2 the HKY (Hasegawa et al. 1985) model was chosen. We used Garli v2.0 (Zwickl 2006) to determine the best ML phylogeny based on 5 independent searches. Support for relationships within the trees was evaluated using 200 bootstrap replicates (2 searches per replicate). Bayesian analyses were conducted using MrBayes v3.1.2 (Huelsenbeck and Ronquist 2001) . Analyses included 5 chains and 10 million generations and were repeated 3 times from different random seeds. Trees were sampled every 1000 generations, and we discarded the first one million generations as burn-in after confirming stationarity of all parameter trends using Tracer v1.5 . Convergence of independent runs on consistent tree topologies was confirmed by ensuring that the standard deviation of split frequencies approached zero (both <0.01). Final topologies were produced by combining the results of all three runs. The traditional phylogenetic methods described above do not take into account stochastic genealogical variation that can result from coalescent processes, nor do they offer an effective way to synthesize information from multiple loci into a single phylogenetic perspective. To address these shortcomings we also applied the multi-locus coalescent-based *BEAST method (Heled and Drummond 2010) implemented in BEAST v1.6.1 to infer relationships among the geographic regions represented in our molecular dataset (Magadanskaya Oblast', Tyumenskaya Oblast', Kunashir Island, and Lithuania). The outgroup, A. macrocirrosa, was also included in the analysis. We applied the Yule tree prior and allowed rates to vary between loci, but fixed the molecular clock for each locus. Analyses were run for 300 million generations, with 10% of each run discarded as burn-in. We assessed stationarity by examining parameter trend plots and effective sample size (ESS) values (all >200) using TRACER 1.5 , and repeated the analysis twice from different random starting seeds to confirm that all parameters converged on similar values.
Results
Hymenolepidid cestodes in Myodes glareolus from localities in Lithuania and additional specimens originally attributed to A. horrida from the western Palearctic are referred to A. tenuicirrosa based on comparative morphology and molecular sequence data outlined below. These are the first records of this species of Arostrilepis from the European region of the Palearctic. Redetermination of the species identity of specimens from the Molėtai district of Lithuania indicates that cytochrome c oxidase subunit I sequences previously obtained from these samples and archived in GenBank (DQ340976, DQ340977, and DQ340978, representing voucher specimens K117, K209, and K234, respectively) should now be referred to A. tenuicirrosa rather than A. horrida. Fig. 2A) . Ventral osmoregulatory canals 17-58 wide, without transverse anastomoses. Dorsal osmoregulatory canals very thin, hardly seen, located predominantly in same sagittal plane as ventral canals. Genital pores unilateral, dextral.
Morphological comparisons
Mature proglottides 190-330 × 825-1460 (251 × 1148, n = 6) wide, transversely elongate, trapeziform (Fig. 2C) . Testes relatively large, usually three, almost of equal size, 194-270 × 120-193 (220 × 154 , n = 10), pear-shaped, commonly situated in triangle; poral testis separated from two antiporal testes by female gonads. Cirrus-sac relatively short, 174-213 × 35-49 (199 × 42 , n = 7), antiporal part slightly overlaps or crosses ventral longitudinal canal. Genital atrium simple, deep, opens laterally about middle of lateral proglottis margin. Cirrus 67-75 (71, n = 5) length, with relatively wide conical basal region and narrow cylindrical distal region, armed with small needle-shaped spines (2.2-2.8) along its entire length (Fig. 2B) Gravid proglottides transversely elongate, 270-380 × 1300-2320 (329 × 1675, n = 4). Fully developed uterus labyrinthine. Eggs 31×62, oblong, with thin outer coats; oncosphere 10 × 16 (Fig. 2D) . Embryophore fusiform, with straight polar processes, 22 × 46. Embryonic hooks small, 7.5-8 long.
Specimens from the western Palearctic agreed in most details with those originally described in Myodes voles from Siberia and the Russian Far East (Table II) . No significant differences in the form and size of the cirrus, and its armature were detected among specimens of A. tenuicirrosa from the original type series (Sakhalin and Kunashir Islands), cestodes distributed at higher latitudes in the Russian Far East (e.g., Magadanskaya Oblast'), those from south-central Russia (Tyumenskaya Oblast'), and those examined from the western Palearctic (Lithuania and Belarus). In specimens from Lithuania, however, the cirrus was slightly longer than in cestodes from the Asian part of Russia. Additionally, in cestodes from the western Palearctic, the dimensions of the hermaphroditic mature proglottids and external seminal vesicle were smaller, and the vitellarium was larger than those observed in specimens from the Russian Far East. However, specimens from Lithuania were macerated and the relatively poor condition may have contributed to observed variation in morphometric characters.
Genetic variation and structure
Independent analyses of mitochondrial and nuclear loci yielded shallow patterns of genetic variation within A. tenuicirrosa. Mean uncorrected genetic distances between localities ranged from 0.002 to 0.011 substitutions per site for cyt-b and 0.001 to 0.003 substitutions per site for ITS2. This lack of structure is underscored by the occurrence of the same ITS2 allele in populations from Lithuania, Tyumenskaya Oblast', and Magadanskaya Oblast' (Russian Far East). Nucleotide diversity values were similarly low (cyt-b: 0.25%; ITS2: 0.14%). In contrast, A. tenuicirrosa differed from A. macrocirrosa by roughly 0.10 (cyt-b) and 0.04 (ITS2) substitutions per site. Low intraspecific levels of divergence are also apparent in independent phylogenies for the two loci. Support is weak for almost all relationships within the phylogenies (Fig. 3) . The only consistent pattern that we detected at both loci is a relatively Fig. 4 . Results of the multi-locus coalescent-based analysis of relationships among regional populations. Numbers above branches represent Bayesian posterior probabilities for associated nodes. Numbers below branches represent the age of nodes in units of substitutions per site, with 95% highest probability distributions for age estimates enclosed in brackets. The outgroup has been removed for clarity deep divergence for samples from Kunashir Island. Two shallow clades within the cyt-b tree subdivide populations from eastern and western Eurasia, but this structure is not supported by ITS2, from which identical sequences were retrieved from geographically widespread localities. The combined coalescent-based analysis provided slightly better resolution of relationships among the four major geographic regions represented in our sample (Fig. 4) . Specifically, specimens from Tyumenskaya Oblast' and Lithuania were found to be sister with reasonably strong support. The relatively early origin of the Kunashir Island lineage is also evident in this result, though support for this relationship remains weak. All sequence data are archived in the GenBank database (Table I) .
Discussion
Records for A. tenuicirrosa and other Arostrilepis spp.
Arostrilepis tenuicirrosa is a specific parasite of red-backed voles (Myodes) and its distribution in the Palearctic generally conforms to that of its definitive hosts, which inhabit northern forests, tundra and bogs. Prior records supported recognition of a restricted regional distribution for A. tenuicirrosa in the Asian part of Russia extending from the Kurile Islands in the south to near the Arctic Circle in the north (e.g., Makarikov et al. 2013) . Discovery of specimens consistent with A. tenuicirrosa from the western Palearctic (Lithuania and Belarus), however, unequivocally demonstrates a broad transPalearctic range for this assemblage of hosts and parasites.
Prior to our study, two valid species of Arostrilepis were known in the western Palaearctic. The first of these is A. horrida (sensu stricto) with the type reported to have come from Rattus norvegicus (Berkenhout) among the Muridae. This host association has remained enigmatic and is likely incorrect (Linstow 1901; . The second species is A. janickii , which occurs among voles of the genera Arvicola, Microtus and Chionomys. The geographic range for A. janickii bears some similarities to that of A. tenuicirrosa in that it appears to span the northern Palearctic, having been identified from both Europe and Alaska's Seward Peninsula (Makarikov et al. 2013) . Species-level diversity of Arostrilepis is considerably greater in the eastern Palearctic than it is in the western Palearctic. Five Arostrilepis species in addition to A. tenuicirrosa are known from Siberia and the Russian Far East (Makarikov et al. 2013 ). Three of these (A. gulyaevi Makarikov, Galbreath & Hoberg, 2013 , A. intermedia Makarikov & Kontrimavichus, 2011 
A. schilleri).
Thus, it appears that the major centre of diversity for Arostrilepis lies across the Beringian region, with a gradient of declining species richness extending toward the western Palearctic. Overall these distributions may reflect a history of expansion, probably emerging from a center of diversification in eastern Eurasia with periodic episodes of geographic colonization occurring in the Nearctic and the European zone of the Palearctic (e.g., Hoberg et al. 2012) . We note, however, that the distributional limits of most of these species remain poorly delineated in the absence of geographically extensive taxonomic surveys, particularly in Central Asia (Fig. 1) .
In general, cestodes of the genus Arostrilepis exhibit specificity at the level of host genus Makarikov et al. , 2012 Makarikov et al. 2013) . Of the arvicoline rodents that represent primary hosts for Arostrilepis, the red-backed voles (genus Myodes) harbor the most diverse suite of Arostrilepis species, hosting at least four species in addition to A. tenuicirrosa. These include apparent eastern Palearctic endemics (A. gulyaevi, A. intermedia) , a Nearctic endemic (A. cooki), and one species with a Holarctic distribution (A. macrocirrosa).
Though A. tenuicirrosa represents the only species of the genus that is definitively known to parasitize Myodes in the western Palearctic, our growing understanding of diversity in this cestode complex emphasizes the need to critically re-evaluate previous reports of A. horrida in red-backed voles from Europe and western Asia (e.g. Rybicka 1959; Mozgovoi et al. 1966; Murai and Tenora 1973) . It is likely that some of these previous records could be attributed to A. tenuicirrosa or other species. Further sampling of parasites of small mammals will also be necessary to fully characterize the Arostrilepis community in the region. For example, the north-western sector of the Palearctic (Fennoscandia) is of particular interest given that Arostrilepis has not been detected in this region despite the abundant presence of various potential host species and extensive helminthological surveys, particularly in Finland. There is only a single record of specimens identified as H. horrida in M. glareolus from the borders of south-eastern Fennoscandia (Karelia) with very low prevalence (1.7%) (Mozgovoi et al.1966) . In subsequent helminthological studies of arvicoline rodents from Fennoscandia, Arostrilepis was not detected (Tenora et al. 1979; Tenora et al. 1983; Tenora et al. 1985; Haukisalmi 1986; Haukisalmi and Henttonen 1993; Haukisalmi and Henttonen 2001; Laakkonen et al. 2001) .
Population structure and historical biogeography of A. tenuicirrosa
Results of both our morphological and molecular analyses of geographic structure within A. tenuicirrosa demonstrate no evidence of deep phylogeographic structure across the range of the species. This is striking given that the species has an extensive distribution across the heterogeneous and paleoecologically dynamic Asian landscape. If the parasite occupied this broad range over deep time (e.g., spanning multiple gla-cial-interglacial cycles), we would predict that repeated opportunities for climate-driven population fragmentation would have produced separate regional lineages evolving along independent trajectories. Such a history might explain why the three most important hosts of A. tenuicirrosa (M. rutilus, M. rufocanus, M. glareolus) all exhibit deep phylogeographic structure (up to 4% cyt-b sequence divergence in the voles versus ≤1.1% in the cestode) across smaller spatial scales (Iwasa et al. 2000; Iwasa et al. 2002; Deffontaine et al. 2005) .
Shallow inter-population genetic structure with low levels of nucleotide diversity may reflect 1) long or short-term persistence across the current broad distribution with a reduction in diversity caused by a recent selective sweep, 2) long or short-term persistence across the current distribution coupled with a low rate of molecular evolution, or 3) recent geographic expansion from a relatively small founder population. A selective sweep seems to be an unlikely explanation for low levels of diversity given that we failed to detect evidence of selection at either locus. Further, both cyt-b and ITS2 exhibited similar patterns of genetic variation, yet these unlinked loci are unlikely to be influenced by the same selective pressures. Thus, a selective sweep that decreases diversity at one locus would be expected to leave ancestral polymorphism undiminished at an independent locus.
Rates of molecular evolution in hymenolepidid and other cyclophyllidean tapeworms have not been well-studied, leaving open the possibility that an exceptionally slow rate of nucleotide substitution could explain the observed lack of deep structure among populations. However, our previous phylogenetic investigations of the Arostrilepis complex suggest that evolutionary rates within the group should be rapid enough to produce ample genetic variation over moderate time scales. For example, two Arostrilepis sister species associated with Myodes voles (A. cooki and A. macrocirrosa) differ by 4.5% sequence divergence at the cyt-b locus (Makarikov et al. 2013) . Biogeographic histories for the hosts suggest that isolation between these two cestode species may have occurred in the Late Pliocene or Early Pleistocene (ca. 2 to 3 Ma; Cook et al. 2004) . Thus, the considerably lower levels of divergence evident within A. tenuicirrosa probably reflect variation that has accumulated over a much shallower (e.g., Late Pleistocene) time scale.
A more likely explanation for the widespread distribution of A. tenuicirrosa and limited genetic diversity may be that the cestode underwent a Late Pleistocene range expansion from a geographically restricted founder population and has yet to accumulate deep phylogeographic structure across its current range. Our data are insufficient to provide a definitive perspective on relationships among A. tenuicirrosa populations, but the indication that eastern populations are derived from the deepest splits in the multi-locus phylogeny (Fig. 4) suggests an East Asian source for extant populations. Population range dynamics are presumably closely linked to host biogeographic histories, suggesting that geographic expansion by the parasite from an eastern source might be mirrored by a similar zoogeographic history in its hosts. Of the four known hosts of A. tenuicirrosa, M. rutilus and M. rufocanus have the widest distributions, linking Northern Europe and East Asia. Thus, if we assume that host associations have been relatively constant over time, a scenario of expansion from the east would most likely involve dispersal mediated by one or both of these hosts. Colonization of M. glareolus, which is currently restricted to western Eurasia, might therefore represent an instance of host-switching following a range expansion event that created novel host-parasite interactions (taxon pulse with ecological fitting; Hoberg and Brooks 2008; Hoberg et al. 2012) . This presumed host-switch apparently allowed A. tenuicirrosa to expand into Lithuania and surrounding regions, which lie beyond the current distribution of M. rutilus and M. rufocanus. Though the demographic histories of Eurasian Myodes have not been thoroughly examined, evidence from the fossil record suggests that M. rufocanus probably originated in East Asia during or before the Middle Pleistocene and subsequently expanded its range westward to Europe (Chaline and Graf 1988) . Such a history is consistent with patterns of genetic diversity observed in A. tenuicirrosa.
This biogeographic scenario represents a testable hypothesis that makes several predictions regarding the distribution of diversity across Eurasia. First, A. tenuicirrosa, M. rufocanus, and possibly M. rutilus are expected to exhibit signatures of demographic expansion, particularly in the western Palearctic. If range expansion occurred rapidly, western populations would be predicted to be phylogenetically nested within eastern populations and may exhibit lower levels of genetic diversity due to founder events along the leading edge of expansion ("pioneer" dispersal; Hewitt 1996) . Under these conditions, the distribution of parasites can also lag behind the host range due to parasites "missing-the-boat" (Paterson and Banks 2001) , which would result in a declining species diversity gradient from east to west across Eurasia. The occurrence of four Arostrilepis parasites of Myodes in East Asia and only one in the western Palearctic is consistent with this scenario, which could also explain the apparent absence of A. tenuicirrosa from most of Fennoscandia. That region was colonized during the Holocene by Myodes voles following the retreat of glacial ice roughly 10 ka. Robust tests of these hypotheses will require extensive geographic sampling of mammal and parasite populations across Eurasia to fully characterize range-wide patterns of diversity. Further, to resolve species histories (e.g., population structure, change in effective population size over time, range fluctuation) it will be necessary to estimate demographic parameters using coalescent approaches applied to multi-locus DNA sequence datasets.
